Introduction
Standard analysis of the dissolved organic carbon (DOC) content of seawater involves the wet oxidation technique described by Menzel and Yaccaro [ 1] . In this method the sample is sealed in ampoules containing potassium persulphate. As the samples are heated in a sealed pressure vessel, the organic carbon is oxidized to CO2 which is then measured with a nondispersive infra-red analyser. Wet oxidation is best suited to seawater analysis because it is unaffected by high salt concentrations and has a high sensitivity.
Due to the large number of samples generated in our research of estuarine and oceanic waters, a fast, economical, automated sample vial handling device was needed which could be used in conjunction with an Oceanography International 0524B Total Carbon System. Our present method of DOC analysis requires tedious and time-consuming manipulation of sealed ampoules and constant operator attention [2] . The automated sample handling system allows the operator to perform other tasks while samples are analysed automatically and with greater efficiency.
Other automated analysis systems for organic carbon have been developed, but they involve photo-oxidation and would require complicated changes in the preparation and analysis of our samples [3 and 4-1. Therefore, we decided to automate our present manual system.
This new system uses simple, consecutive logic and a series of limit switches and time delay relays to rotate the ampoule into position, break the top of the glass ampoule and purge each sample of CO. with nitrogen. We decided that it must be designed with as little alteration of the original instrument as possible and must be able to convert between the manual and automatic mode quickly and easily.
Sets of standard curves were analysed on both the manual and automated systems. The curves were tested for homogeneity as a group using analysis of covariance as described by . The analysis revealed that there was no significant difference between the regression lines ofthe standard curves analysed by the different systems although there is an inherent difference caused by variations in the preparation ofthe samples. Sets of identical samples were also analysed using both methods, and an increase in precision was noted in the automated analysis over the manual method.
Equipment and methods
The automated system uses sequenced, mechanically-controlled steps for ampoule manipulation and a microprocessor data collection system to record data output. Ampoule manipulation 
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and sample processing are shown in figure 1. As power is applied to the system, limit switches 1, 3 and 5 (LS-1, LS-3, LS-5) are activated. These are located at the retracted position of each air cylinder piston. The air cylinders move certain mechanical parts.
In order to index a sample into position beneath the analysis chamber (figure 2), a solenoid valve diverts compressed air to air cylinder (CL-1). In the next step a similar process is used to raise the ampoule against the analysis chamber to form the seal. Compressed air is diverted to CL-2 which raises the pedestal on which the ampoule is sitting. The pressure of the gum rubber seal on the ampoule against the walls of the analysis chamber forms a tight seal that prevents gases from escaping. At this point LS-3 is open and LS-4 is closed. The time span for implementation of the first two steps is about one second.
After the analysis chamber is closed by the ampoule seal, two time delay relays (1 and 2) are activated simultaneously. One relay allows 10 s for the chamber to be purged of contaminants and the other delays activation of the photoelectric proximity switch on the flow rate alarm. The alarm is needed to warn the operator when the nitrogen flow rate has deviated from 200ml/min. The time delay is necessary so that the initial instability of the flow rate will not set the alarm off. If the flow rate is correct, compressed air is diverted to CL-3; this forces the plunger down, breaking the top of the ampoule; LS-5 opens, LS-6 closes and nitrogen purges the chamber and ampoule before flowing to the Lira Infrared Analyser. As the meter needle deflects above zero, a third 10 s time-delay relay (3) allows the needle to pass the proximity switch at 5 on the meter before this switch is activated. Therefore, the switch will sense the meter needle only on its way back down when the sample has been purged of CO2.
When the Lira Analyser detects a CO2 concentration of 5 in the purge gas, the R-F proximity switch senses the meter needle and activates a 10s delay (4). sets of replicates tested on the automated system were analysed, the method of sample digestion was changed from a heated pressure vessel to a boiling water bath. A total of 204 sets of replicates was analysed using the water bath digestion procedure. When all the sets of replicates analysed on the automated system were taken into account, the mean RSD was 3.7.
This increase in precision was probably due to the improvements made in the system with time, and not the method of digestion. This change in digestion procedure had no effect on the precision of analysis because it only affected the extent of digestion. Therefore, sets of replicates digested at the same time were digested to the same extent.
A comparison of the accuracy of the two methods was made using Florida Department of Environmental Regulation (DER) performance evaluations for 1981 and 1982. The DER sent two samples ofknown concentration to participating laboratories to be tested for total organic carbon (TOC). The data for the manual (1981) and automated (1982) 
Discussion
This new method for sample vial handling provides for transpor.t and positioning as well as reliable isolation of the sample from ambient contamination. It also provides precision sampling of a gas by purging, or a liquid by precision pump or other suitable unit. The versatility of this system allows it to purge a gas from any liquid matrix and deliver that gas to any appropriate gas detection system. The advantages of this system in relation to the Oceanography International 0524B Total Carbon System are numerous. This system requires little operator assistance. It increases productivity by freeing up the operator to do other tasks and by analysing samples much faster than manual methods (from approximately 80 manually to 200 automatically analysed samples per 8 h). Only minor modifications of the manual system are necessary when converting to the automatic mode. The automated system constantly purges the analyser when samples are not being measured for CO z. The manual system vents the nitrogen between samples.
The methods used to test for differences between the regression coefficients of the standard curves analysed with the manual and automated systems gave interesting results. The ANCOVA and Newman-Keuls multiple range tests reported five overlapping groups of standard curves whose regression coefficients within each group were similar. Although the analysis determined that there was a significant difference in the slopes of the standard curves of the automated and manual systems :',ais does not indicate that the difference was due to the method of analysis. The five groups in which the regression coefficients were similar contained both manual and automated curves in each (table 2) . This indicates an inherent difference in the method of preparation and digestion of the samples in each standard curve and not in the method of analysis.
Precision improved after the new system was used routinely.
In the new system, analysis of each sample is finished at exactly 5% COe concentration. This cut-off point is determined visually in the manual system, therefore each sample may not be handled in exactly the same way. This is shown by the difference in precision before and after the new system went into use.
The accuracy was tested during DER performance evaluations. The laboratory values for both samples for both years were in the 99 confidence interval as determined by the DER's evaluation ofall participating laboratories. Thus, the automated system is comparable in accuracy to the manual system. The chi-square analysis showed the automated system to be more accurate than the manual one.
The automation ofthe Total Carbon System is not complete. Conversion to DC power is planned to reduce noise in the system. An improved flowmeter and alarm system will be installed and the present hardwired controller will be replaced with a programmable one.
